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OPTIMIZATION  OF  SOME  PARAMETERS  OF  ATOMIC  STEAM-GAS  POWERPLANT. 


Doctor  of  tech,  sciences  Prof.  Ye.  F.  Ratnikov. 


Ural  Order  of  the  Red  Banner  of  Labor  Polytechnic  Institute  in.  S.  M. 
Kirov. 


V  Determination  of  optimum  parameters  of  binary  type  atomic 

ft  1 

steam-ga®  powerplant/installatidh  (Fig.  1 ) * is)d i f f icult  analytical 

problem  in  view  of Kcompl i cated  interdependence  of  parameters,  which 

n  : 

character ize  . reactor ,  gas-turbine  and  steam-turbine  parts  cf  !’>■./ 
installat ion . , As  shown  in  [1],  in  the  assigned  initial  parameters  of 
gas  and  vapor  the  indices  of  the  thermal 

efficiency/cost-effectiveness  of  steam-gas  installation  depend  mainly 
cn  three  interdependent/inter^onnected  between  themselves  parameters: 
pressure  ratio  in  gas  cycle  (o)  ,  efficiency  of  steam  regenerative 
cycle  (rj»)  1  and  relation  of  absolute  maximum  temperatures  of  gas 
cycle  (r). 

FOOTNOTE  ‘.  In  th's  case  -  temperature  of  feed  water  <f  »  ENDFOOTNOTE. 
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complicates  the  problem  of  calculating  the  optimum  parameters  of 
steam-gas  installation.  Employing  the  conventional  procedure  for  the 
power  plants  the  optimum  parameters  are  found  from  the  conditions  of 
the  minimum  of  expenditures  for  manufacture  by  the  installation  1 
kWh  of  electric  power,  i.e.,  from  the  conditions  of  the  minimum  of 
magnitude  3,. 

In  this  case,  according  to  1 2 3 , 

I*  _  t  _  JL(«-  -  I, |  |lAf„r  - 

(I  -  a.'o -  1)  -  |!-t-(l  -  Ap’,o-")rln|»1|>iW 

.  io  )( 

-CT-C„) 

where  p.  -  reduction  coefficient; 

p,  -  coefficient  of  damping; 

n  -  number  of  hours  of  work  of  installation  p*»r  annum; 

Vp  -  heat  output  of  reactor; 

-  temperature  coe'  i  i c  ient ; 

-  mechanical  efficiency; 
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n-  -  efficiency  of  generator; 

-  constant  capital  investments,  which  do  not  depend  on 
change  in  parameters  of  installation; 

-  magnitude,  which  characterizes  effect  of  initial  pressure 
and  hydraulic  resistor/resistance  of  gas  duct/contour; 

6  -  ratio  of  absolute  temperatures  of  coating  fuel  element  to 
initial  temperature; 

»!„  -  efficiency  of  gas  turbine; 

n, -  efficiency  of  compressor; 

n„  -  efficiency  of  steam  turbine; 

n,.  -  efficiency  considering  energy  consumption  per  its  own 

needs ; 


C,  -  relative  propel lant/fuel  component; 


'<  ^'rrv’rv’.”  h  »  v  » d 
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-  relative  operating  component. 

From  (1)  it  is  evident  that  3,  is  function  of  many  dependent  and 
independent  variable  parameters  and  magnitudes  both  technical  ones 
and  cost  ones. 

Attempt  at  definition  of  optimum  parameters  t°™,  n^“) 
analytically  does  not  give  necessary  results  in  view  of  extremely 
complicated  dependences  of  these  parameters  both  between  themselves 
and  with  cost  indices.  Therefore  in  this  work  the  step  by  step  method 
of  optimization  (from  the  "determining  parameter")  is -accepted.  It 
consists  of  the  following.  By  thermodynamic  calculations  for  the 
accepted  initial  conditions  are  located  the  outer  limits  of  the 
parameters  of  the  steam-gas  installation  (thermodynamically  most 
advantageous),  which  correspond  to  maximum  the  internal  efficiency  of 
cycle  (*),).  In  this  case  for  the  determining  parameter  is  accepted 
pressure  rctio  in  gas  cycle  (a),  for  each  variant  value  of  which  are 
located  r«<  and  »)««.  Then  within  the  limits  of  variant  values  o  are 
located  absolute  outer  limits  <7,  r,  tn.  and  also  (extremum  from 

the  extrema).  After  accepting  these  parameters  for  the  base  ones,  we 
find  relative  changes  in  the  characteristics  of  the  equipment  for 
steam-gas  installation  for  each  value  0. 

Page  51. 
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Further  for  the  base  parameters  cost  data  on  the  equipment  are 
accepted  and  general/common/total  variable/alternating  capital 
investments  for  each  value  of  the  determining  parameter  are 
determined.  By  calculations  on  (1)  when  3yn  are  located  optimum 
parameters '(’./-M  (%').  on  which  are  designed  all  remaining  parameters 
interesting. 

With  accepted  method  defined  group  of  parameters 
(o.  lm.  T.  U.  A/p.  A/..).  vhich  have  decisive  effect  both  on 

characteristics  of  equipment  for  steam-gas  installation  and  on  cost 
indices,  simultaneously  is  optimised. 

Are  given  below  results  of  optimization  of  parameters  of  atomic 
steam-gas  installation  (Fig.  1)  indicated  at  following  initial 
conditions:  gas  -  helium,  initial  temperature  of  gas  t,  *  800°C, 
pressure  Pi  ■  60  bars,  steam  parameters  88  bars,  535°C,  hydraulic 

resistor/resistance  of  gas  duct/contour  5%,  efficiency: 
t)_,  =0.88,  ^=0.86,  t|„  =  0.995,  n,  =  0.99.  iu-0.95. 

Calculations  were  performed  on  computer(s)  Minsk".  Space  was 
taken  for  o  as  the  equal  to  0.01,  and  within  the  limits  of  the 
absolute  extremes  -  0.005. 
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Results  of  calculations  aie  giver:  in  Table  1.  Determining 
parameter  (o)  is  varied  in  limits  of  1.6-2.10.  The  numerical  values 
of  the  absolute  extremes  proved  to  be  followings 

=  1.75.  =»  182 X.  =  0,427.  Table  1  shows  a  relative  change  in  the 

parameters  and  magnitudes  with  respect  to  the  absolute  extreme 
parameters  at  the  change  o. 

For  example,  it  is  evident  that  with  the  increase  a  (more  than  1.75) 
the  power  of  gas  turbine  (AL,t  and  compressor  (\\)  grow/rise,  and  steam 
turbine  {N, . )  -  decrease.  The  expenditure  of  water  for  the  technical 
water  supply  of  installatic  n  »U  .^  respect  ively  is  reduced. 

Table  1  shows  also  change  in  other  indices,  which  a^e  changed 
with  change  c,  /  such,  as  heat  output  of  reactor  (Np).  flow  of  gas 
(G),  surface  of  heating  steam  generator  (F„)  and  regenerative 
installation  of  steam  turbine  (F*.) 

For  def ini ng/determining  magnitude  of  var iable/alter nal ing 
capital  investments  to  specified  equipment  are  accepted  following 
specific  cost  indices  for  base  value  o:  reactor  plant  -  40,  steam 
turbine  (with  capacitor  and  generator)  7,  gas  turbine  (witn 
generator)  5.0,  compressor  of  2.5  rub/kW,  steam  generator  100 


DOC  *  84158200 


PAGE 


Results  of  calculations  according  to  expression  (1)  are 
represented  graphically  in  Fig.  2-4. 

Fig.  2  shows  change  3„  S6T.  q  and  t™  in  dependence  on  a  with 
constant  flow  rate/consumption  of  gas  (G  *  const),  at  heat  output  of 
reactor  at  point  of  absolute  extremes  .V,  =  500  MW  and  with 
propellant/fuel  component  C,  =  0,0,  0,20  and  0,40.  From  Fig.  2  it  is 
evident  that  optimum  pressure  ratio  lies/rests  within  limits 
fco«T  =  1.67  —  1.90.  and  the  temperature  of  feed  water  =  104  —  120  C.  The 
maximum  of  electrical  power  is  =213  MW  (with  a  -  1.90),  and  the 

minimum  of  the  specific  capital  investments  q  =  1C5  rub/kw  (with  a  - 
1.885).  Cost/value  1  kw-h  of  electric  power  vary  within  the  range  of 
0.423  (when  c,  =  0.00  )  to  0.7 55  kopecks  (when  CT  =  0,40), 
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)n  60-70BC.  This  is  explained  by  the  fact  that 
:he  definite/determined  value)  the 
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Lne  shoved  dependence  3.=  /ioi  when  c,  -  0.20 
of  reactor  plant  A'p  =  1.5  A’p  The  optimum 
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rub/kW  with  a  ■  1.87).  Cost/value  1  kW*h  of  elect.'ic  power  -  from 
0.345  (C,  =  0.00)  to  0.620  kopecks  (C,  =  0,40). 

Fig.  4  shows  the  same  dependences,  but  under  condition  of 

(  Vp  -  500 

constant  power  of  reactor  a  MW)  and  with  variable/alternating  flow 
of  gas  (G  ■  var).  The  obtained  results,  as  is  evident  in  Fig.  4, 
sharply  they  differ  from  preceding/previous  (Fig.  2).  Optimum 
pressure  ratio  in  this  case  composes  1.78-1.80,  while  the  optimum 
temperature  of  feed  water  -  158-165#C.  Cost/value  1  kW*h  of  electric 
power  depending  on  C,  varies  within  the  limits  of  0.427-0.773 
kopecks,  and  specific  capital  investments  -  166.5-167.5  rub/kW.  Since 
for  the  base  value  the  parameters  of  the  absolute  extremes  were 
accepted,  then  the  maximum  of  power  (and  efficiency)  lies/rests  with 
o  *  1.75  and  im  —  182  C  and  is  206  MW. 

More  worse/worst  specific  economic  indices  of  steam-gas 
installation  during  its  calculation  with  N  -  const  (G  *  var)  are 
explained  by  the  fact  that  with  change  values  a  against  extreme 
efficiency  and  power  of  steam-gas  installation  descend.  With  the 
I  decrease  a  (against  the  extreme)  a  decrease  in  the  power  of  stear-gas 

installation  occurs  due  to  the  gas-turbine  part,  while  with  an 
increase  r  -  steam-powered. 

! 

I 

» 

» 

* 
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Fig.  4.  Definition/determination  of  optimum  parameters  (0^.,  when 
Ar  =  con- 1  (500  MW  when  o«.c  —  i . r5i 


Key:  vl).  (kop/kW»h).  (2).  with.  (3).  MW. 
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Conclusions. 


1.  Definition/determination  of  optimum  parameters  of  atomic 
steam-gas  installation  is  recommended  to  produce  with  G  *  const  and 


•ThW-W 
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Afp=v ar.  since  best  technical-economic  indices  of  installation 
correspond  to  this  case. 


2>  With  increase  in  power  of  atomic  steam-gas  installation^ 

■P' 

together  with  improvement  in  economic  indices^ optimum  pressure  ratio 
descends  and  optimum  temperature  of  feed  water  increases. 


3)  Increase  inA' propellant/fuel  component  leads  to^decrease  of 
optimum  pressure  ratio  and  to  increase  in  temperature  of  feed  water. 
Within  limits  c^  =  0,00—0.40  optimum  value  o  varies  within  the  limits  of 
1.0-1. 5%  tabs.). 


4,.  Change  of  cost/value  of  reactor  plant  over  wide  limits 
virtually  does  not  have  effect  on  numerical  values  of  optimum 
parameters  <o«T-  v^being  investigated 


In  all  cases  optimum  pressure  ratio  is  more,  and  temperature 
of  feed  water  is  less  than  outer  limits,  obtained  by  thermodynamic 
calculations.  1  ’ 
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